Pt and Pt/Sn catalysts supported on polypyrrole (PPy) have been prepared using Ar plasma to reduce the metal precursors dispersed on the polymer. The PPy support was synthesized by chemical polymerization of pyrrole with FeCl 3 ·6H 2 O, this leading to the conducting form of the polymer (conductimetric measurements). The Ar plasma treatment produced a partial reduction of platinum ions, anchored as 10 platinum chloro-complexes to the PPy chain, into metallic platinum. A homogeneous distribution of Pt and Sn nanoparticles was observed by TEM. Activity of the PPy-supported catalysts was evaluated in the reduction of aqueous nitrate with H 2 at room temperature. Nitrate concentration in water below the maximum acceptable level of 50 mg·L -1 was achieved with all catalysts. However, considering not only efficiency in nitrate reduction, but also minimized concentrations of undesired nitrite and ammonium, the 15 monometallic Pt catalyst seems to be the most promising one.
Introduction
Nitrate (NO 3 -) is a naturally occurring form of nitrogen found in soil which is formed as a part of the nitrogen cycle. Plants use nitrates from the soil to satisfy nutrient requirements and may 20 accumulate nitrate in their leaves and stems. Due to its high mobility, nitrate also can leach into groundwater. In moderate amounts, nitrate is a harmless constituent of food and water. However, if people or animals drink water with a high content in nitrate, it may cause methemoglobinemia, or blue baby 25 syndrome, an illness found especially in infants, 1 and even cancer. Nitrate values are commonly reported as either nitrate (NO 3 -) or as nitrate-nitrogen (NO 3 --N). The maximum contaminant level (MCL) in drinking water as nitrate (NO 3 -) is 50 mg·L -1 , whereas as nitrate-nitrogen (NO 3 --N), which relates to the 30 actual nitrogen in nitrate, is 11.3 mg·L -1 .
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Although the term "nitrate toxicity" is commonly used, the toxic principle is actually nitrite. Nitrate is converted to nitrite in the stomach. Nitrite is absorbed from the stomach and converts blood hemoglobin to methemoglobin, which cannot transport 35 oxygen to body tissues, thus causing death.
While it is technically possible to treat contaminated groundwater, it can be difficult, expensive and not totally effective. Charcoal filters and water softeners do not adequately remove nitrates from water. Boiling nitrate-contaminated water 40 does not make it safe to drink and, actually, this treatment increases the concentration of nitrates. Other water treatments include distillation, reverse osmosis and ion exchange. These technologies transfer nitrates from water to a concentrate phase that requires further treatment or disposal. In this way, catalytic 45 reduction of nitrates with H 2 using supported metal catalysts has been proposed as an alternative.
Nitrate reduction progresses through nitrite (NO 2 -) and daughter intermediates (e.g. nitric oxide (NO) and nitrous oxide (N 2 O)), which are then reduced to dinitrogen (N 2 ) and ammonium 50 (NH 4 + ). Considering the toxicity of ammonium, a catalyst which is highly selective to nitrogen must be developed. It has been reported [4] [5] [6] that initial reduction of NO 3 - to NO 2 -requires a bimetallic catalyst (a noble metal as Pd, combined with a secondary promoter metal as Cu, In, Sn, Co). The intermediate 55 NO 2 -can then be further reduced on monometallic sites. It is also known that the catalytic behavior is affected by the support 7 . Carbonaceous supports (activated carbon, carbon nanotubes), 8 metal oxides such as TiO 2 , 9 proposed as supports for the catalyzed reduction of nitrate [19] [20] [21] [22] . In this work, the properties of a conducting polymer (polypyrrole) as the catalytic support have been assessed. Polypyrrole can easily change between its reduced (non-conducting) and oxidized (conducting) forms. This feature makes it interesting to prepare supported catalysts by impregnation of a metal salt, as electrons from the polymeric chain may be transferred to the metallic ion promoting its reduction 23 . Considering their limited thermal stability, applications of polymer-supported catalysts are restricted to low temperature reactions. In this work, activity and 70 selectivity of monometallic (Pt) and bimetallic (Pt:Sn) catalysts supported on polypyrrole have been determined in the reduction of nitrate in water with H 2 as the reducing agent. The use of plasma is a powerful method to synthesize nanoparticles. Hydrogen atmospheric dielectric-barrier plasma has been used to 75 reduce supported Pt and Co Catalysts. 24 Since reduction is an electron transfer process, and plasma reduction treatment is based in a direct transfer of high energy electrons from the plasma to the metal ions, it should be possible to use other gases such as helium and argon as reducing agents instead of hydrogen. In this study, the activation of the catalysts to obtain metal nanoparticles has been carried out by the environmentally friendly cold argon 5 plasma treatment.
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Experimental
Materials preparation
Polypyrrole was prepared by chemical polymerization of pyrrole 10 with ferric chloride (FeCl 3 ·6H 2 O) as the oxidant. 9 g of FeCl 3 ·6 H 2 O (33 mmol) were dissolved in 200 mL of ultrapure water resulting in an orange solution. Then, 1 mL of pyrrole (C 4 H 5 N) (98%, Sigma-Aldrich) was added drop wise (oxidant to pyrrole molar ratio: 2.33) and the solution was stirred for 6 h at room 15 temperature. As soon as pyrrole was mixed with the FeCl 3 solution it turned to its characteristic black color, this indicating the formation of polypyrrole (PPy). The precipitated polypyrrole powder was filtered, washed with distilled water and dried at 80 °C for 12 h. 20 The monometallic PPy-supported platinum catalyst was prepared by wet impregnation in excess of solvent, using H 2 PtCl 6 ·6H 2 O as the metal precursor. Thus, the proper amount of this salt to obtain 2 wt.% Pt loading was dissolved in ultrapure water, and then it was contacted with polypyrrole (25 mL 25 solution/g PPy ). Bimetallic catalysts were prepared by coimpregnation with H 2 PtCl 6 ·6H 2 O (2 wt.% Pt) and SnCl 2 ·2H 2 O aqueous solutions in Pt:Sn atomic ratios 3:1 and 1:1. In all cases, the suspensions were stirred for 12 h at room temperature and then the solvent was evaporated under reduced pressure in a 30 rotary evaporator. The polypyrrole-supported catalyst precursor was dried in an oven at 80 °C for 12 h and then, the obtained material was splitted in two portions, one of them to be characterized and the other one to be treated by Ar plasma.
Plasma treatment proceeded as follows: the polypyrrole-35 supported catalysts were loaded on an aluminum boat, which was placed in the glow discharge stainless steel cylindrical chamber of a Tucano plasma system (Gambetti Kenologia, Italy), provided with an anodized aluminum door. The HF electrode is made of aluminum and has a "Dark Shield", a RF 13.56 MHz power 40 supply and mass flow controllers (MFC) for gas inlet control. The reaction chamber was evacuated to mild vacuum (0.15 Torr) using a Pfeiffer rotary vane pump model PK D41 029C-Duo 2.5 with F4 Fomblin lubricant YL VAC 25/6). Ar was introduced into the plasma chamber over the specimen. Care was taken to 45 pump down and purge the plasma reactor for at least 10 min prior to activating the RF field. The discharge power was set to 200 watts and 36 cycles of 5 min each were applied to each sample (180 min treatment in total) with manual mixing of the sample between treatments to assure an even exposure to the plasma. The 50 temperature of the sample after the plasma treatment was measured by a non-contact infrared thermometer (PCE Instruments, model PCE-888). It could be determined that the surface temperature was below 50 °C in all cases.
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Materials characterization
The polypyrrole support (PPy) and the catalysts (PPy/Pt) and (PPy/Pt:Sn) were characterized by different techniques, both before and after the plasma treatment. with a D8-Advance (Bruker) X-ray diffractometer equipped with Göebel mirror and a Cu anode which provides K α radiation (λ = 1.5406 Å). The samples were scanned from 2θ = 6 ° to 90 ° at the step scan mode (step size 1 °, step time 3 s).
Electrical conductivity was calculated from the resistance data.
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Electrical resistance of polypyrrole was determined in a fourpoints probe home-made equipment which consisted in a cylindrical Teflon sample holder, connected to a 2000 Multimeter (Madrid, Spain) through copper electrodes. This device permitted to characterize the powered as-synthesized polypyrrole.
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ATR-IR spectra were recorded on a Tensor 27 spectrophotometer (Bruker optics, Billerica, MA USA) in the 600-4000 cm -1 range using a zinc selenide crystal. 200 scans and a resolution of 4 cm -1 were used. X-ray photoelectron spectroscopy (XPS) analysis was used to 80 obtain information on the chemical properties of surface atoms, in particular the oxidation state of platinum loaded to the polypyrrole support and the chemical state of nitrogen in PPy. A K-Alpha spectrometer (Thermo-Scientific) spectrometer with an Al K α achromatic X-ray source (1486.6 eV) operating at 50 keV 85 pass energy and 300 Watt was used. The pressure inside the analysis chamber was held below 5·10 -9 mbar during the course of the analysis. The measurements were taken using a take-off angle of 45º. Survey scans were taken in the range 0-1350 eV, and high resolution scans were obtained on all significant peaks 90 in the survey spectra. The intensities were estimated by calculating the integral of each peak, after subtraction of the Sshaped background, and by fitting the experimental curve to a combination of Lorentzian (30%) and Gaussian (70%) lines. Binding energies (B.E.) were referenced to the C 1s photopeak 95 position for C-C and C-H species at 284.5 eV, which provided binding energy values with an accuracy of ± 0.2 eV.
Transmission electron microscopy (TEM) images were taken with a JEM-2010 (JEOL Ltd., Tokyo, Japan) equipment operating at 120 kV. Sample material was mounted on a holey 100 carbon film supported on a Cu grid by drying a droplet of an aqueous suspension of ground sample on the grid. EDX coupled to the TEM microscope provided elemental analysis of the samples.
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Catalysts evaluation
The catalytic activity of the polypyrrole-supported catalysts obtained after treatment in Ar plasma at 200 watts was evaluated in the aqueous reduction of nitrate with H 2 at room temperature. A semi-batch reactor equipped with a magnetic stirrer (700 rpm) 110 was fed with 592.5 mL of ultrapure water and 300 mg of catalyst. H 2 was used as a reducing agent and a CO 2 flow was employed as a buffer to keep a constant value of pH ∼ 5 during the reaction. H 2 and CO 2 were passed for 15 min through the reactor with flow rates of 75 cm 3 ·min -1 each one to assure removal of oxygen. Afterwards, 7.5 mL of a solution of NaNO 3 was added to the reactor (initial concentration of NO 3 -in the reactor was 100 mg·L -1 Fig. 1) show that synthesized polypyrrole and also the 35 prepared catalysts are mainly amorphous. All studied samples have a broad peak centered at 2θ = 24.95°, and a shoulder at 2θ = 16.45° due to the scattering from PPy chains at the interplanar spacing between pyrrole groups. 25 Additionally, polypyrrole impregnated with Pt and Sn precursors shows a sharp peak at θ = 40 33.00°, which is more evident when the Pt:Sn ratio is 1:1, and corresponds to the scattering of platinum ions anchored to N in polypyrrole. 23 Therefore, this platinum chloro-complex induces a more ordered arrangement of the polypyrrole chains. The dspacing calculated from the Bragg's equation is 0.36 nm, and the 45 average crystallite size has been estimated from the full width at half maximum (FWHM) using the Scherrer's equation, and it results in 1.7 nm.
Conductivity of polypyrrole depends of the counter-ion, the doping level and the polymer synthesis conditions; so, different The FTIR spectrum of PPy (Fig. 2a) shows the typical bands of this material (Table 1) . Insolubility of the chemically synthesized polypyrrole indicates that reticulation of polymeric chains has 60 been produced during chemical oxidative polymerization, due to a high concentration of cationic polymeric radicals. Some degree of surface oxidation is detected (band at 1694 cm -1 of C=O stretching) which may be due to polypyrrole backbone oxidation through free radical oxygen insertion, and may also be produced 65 by exposure of the polymer to air. IR spectrum of polypyrrole after impregnation with H 2 PtCl 6 ·6H 2 O (Fig. 2b) shows differences in bands of C=N-C at 1530, 1174 and 898 cm -1 and N-H stretching at 779 cm -1. This suggests that platinum may interact with the polypyrrole chain through the nitrogen atom, which is 70 consistent with previous results. Tables 2 and 3) , which supports PPy degradation and/or surface oxidation. 23 On the other hand, the N 1s spectra (Fig. 3 , Supporting information Table 4) shows the presence of =N-(399.7 eV) and -NH-(400.3 eV) species in 15 polypyrrole. Previous studies 23 have shown that impregnation of polypyrrole with H 2 PtCl 6 produces the anchoring of the platinum chlorocomplex on the polypyrrole by interaction with the N moieties in the polymer structure, together with a partial reduction of Pt(IV) to Pt(II) and the oxidation of the polypyrrol polymeric chain. Table 2 shows an increase of the -NH-contribution respective to =N-in PPy-2%Pt, when compared with PPy. The XPS spectra corresponding to the Pt 4f level of polypyrrole impregnated with H 2 PtCl 6 can be deconvoluted into two bands (Fig. 4 , Supporting information Table 5 ), at 74.0 eV (Pt4f 7/2 ) and 77.4 eV (Pt4f 5/2 ), which correspond to Pt(IV), and two other at 72.9 eV (Pt4f 7/2 ) and 76.1 eV (Pt4f 5/2 ), which correspond to Pt(II), which is the predominant species. The absence of metallic platinum, which should appear at lower binding energies, is confirmed. XPS spectra of polypyrrole co-impregnated with H 2 PtCl 6 and SnCl 2 show the presence of Pt ions, as Pt(IV) and Pt(II), and tin ions (it is not possible to discern between both oxidation stated by XPS analysis) (Fig. 4 , Supporting information Table 5 ). There is also a shift of the N 1s band to higher binding energies, and N + at 401.9 eV is detected (Fig. 3) . When the Sn content increases, Pt(IV) becomes dominant compared to the Pt(II) contribution, and the N + /-NH-ratio is also affected, i.e. 1.41 for Pt:Sn (3:1) and 0.16 for Pt:Sn (1:1) (Fig. 3, Supporting information Table 4 ). This suggests that the reduction of Pt(IV) to Pt(II) becomes hindered as the amount of tin increases, and, consequently, the polymeric chain also results in a lower oxidation degree (evaluated from the N + /-NH-ratio). Therefore, it may be concluded that the presence of ionic tin species modifies the extent of electron transfer from the nitrogen atoms in the polymeric chain to platinum ions anchored as platinum chloro-complex. For most platinum-catalyzed reactions, the presence of platinum in its zero-state is required. Thus, the reducing capability of the Ar plasma treatment was analyzed by XPS. Previous studies 23 have shown the capability of Ar plasma to partially reduce platinum ions in monometallic polypyrrole-5 supported catalysts. Pt 4f curve fit (Fig. 4 , Supporting information Table 5) shows that argon plasma produces partial reduction of platinum ions into metallic platinum and Pt(IV) is not further present. However, no metallic tin is detected, although it has to be taken into account that it could be produced upon the 10 plasma treatment but re-oxidized during the subsequent air exposure. Besides, Ar plasma treatment activates polypyrrole surface in such a way that ulterior contact with air favors the creation of oxygenated moieties. Accordingly, the C/O ratio decreased after argon plasma treatment (Table 2 ). Ar plasma 15 treatment also produces ablation of the polypyrrole surface and, as a result of this, platinum and tin located within the polymer network were exposed to the outermost polypyrrole surface and were detected by XPS, with the consequent increase of surface Pt and Sn percentages (Supporting information Table 1 ). 20 Consequently, an improvement of efficiency of these catalysts after plasma treatment is expected.
TEM images of platinum and platinum-tin impregnatedpolypyrrole (Fig. 5) show a good dispersion of metal nanoparticles. Plasma treatment produced only a slight 25 aggregation of nanoparticles, although in all cases the particle sizes were smaller than 5 nm. As a consequence of high dispersion, no metallic platinum is detected by X-ray diffraction (Fig. 1) , although Pt(0) was detected by XPS on plasma treated samples. 
Catalytic behaviour
A control reaction was carried out flowing H 2 (reducing agent) and CO 2 (buffer) through the aqueous nitrate solution. Aliquots were periodically extracted and analyzed by ion chromatography. After 300 min, nitrate concentration remained unmodified and neither nitrite nor ammonium was detected. This indicates that the reaction did not run in the absence of a catalyst. In order to elucidate the role of the polymeric support in the removal of nitrates from water, the polymer was put into contact with the aqueous nitrate solution in the presence of CO 2 (buffer) flow. No metal catalyst or reducing agent was added. A considerable decrease of nitrate concentration was observed, but no nitrite was detected and only a very small ammonium concentration was detected after 300 min (Fig. 6) . 15 (assuming that the amount of other nitrogen species eventually produced is negligible) 4 and only a small part would be reduced to ammonium. Consequently, PPy which is initially in its reduced state as assesed by XPS (4.65 at% of =N-at 399.7 and 8.51 at% of -NH-at 400.3 eV in Supporting information Table 4) shows 20 oxidation of its nitrogen species when is recovered after being in contact with a nitrate solution in a CO 2 flow for 300 min (9.31 at% of -NH-at 400.05 eV and 0.52 at% of N + at 401.27 eV). A similar experiment was performed, but in the presence of hydrogen as reductor. Thus PPy was put into contact with the aqueous nitrate solution in the presence of CO 2 and H 2 . Nitrate 30 abatement from solution in the presence of hydrogen acting as reductor is not as effective as nitrate removal by the polymer in the absence of hydrogen. Nevertheless, measured nitrate concentration is below 50 mg ·L -1 (Fig. 6 ). Nitrogen species in recovered PPy are in its reduced state (2.43 at% of =N-and 9.41 35 at% of -NH-) as in the pristine PPy (4.65 at% of =N-and 8.51 at% of -NH-), this suggesting that the main reductor in this case has been hydrogen. However, considerable amounts of nitrite and ammonium are detected. Consequently, in order to minimize NO 2 -and NH 4 + production, it is necessary to catalyze the 40 selective reduction of NO 3 -to N 2 . Therefore, the activity and selectivity of the polypyrrole-supported platinum and platinumtin catalysts was evaluated.
Previous studies 6, 30 stated that Pd or Pt monometallic catalysts catalyze reduction of nitrite (NO 2 -), but a promoter is necessary 45 for the reduction of nitrate (NO 3 -) when carbon materials are used as support. However, in this study, nitrate concentration in water below the maximum acceptable level of 50 mg·L -1 (91/676/CEE European legislation) is achieved with all studied mono-and bimetallic catalysts (Fig. 6, Table 3 ).
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The most important decrease of nitrate concentration in water was achieved with PPy-2%Pt-(Pt:Sn) that there is an increase of the N + /-NH-ratio in polypyrrole, which supports the hypothesis that the polymeric support participates in the reduction reaction. As suggested before, a possible mechanism would be an ion exchange between the Cl -counter-ion present in polypyrrole doped with FeCl 3 by NO 3 -75 from solution. This is supported by the fact that the Cl content estimated from XPS analysis is lower in recovered catalysts. Then, polypyrrole in its reduced state might donate electrons to nitrate, which reduces to nitrogen and/or ammonium. The electron donation degree is influenced by the presence of ionic tin 80 species. XPS spectra of the Sn 3d level show that no metallic tin is detected, but it is not possible to discern between Sn(II) and Sn(IV) species. Besides, there is a decrease of the metallic platinum/ionic platinum ratio in the recovered bimetallic catalysts, and no metallic Pt is detected on the surface of the 85 recovered monometallic catalyst (Table 2 ). These findings suggest that during the nitrate reduction reaction, a given amount of metallic platinum supported on polypyrrole is oxidized to ionic platinum (as polypyrrole chain is reduced). Polypyrrole chain can act as a source and drain of electrons, donating electrons to 90 nitrate, which become reduced, and accepting electrons from metallic platinum, which oxidizes to different extent depending on ionic tin being present or not. Ionic tin affects in someway the electron transfer from and towards the polymeric chain; this explains that the XPS N 1s band is shifted to higher binding 95 energies in the bimetallic catalysts, compared to monometallic one. Thus, the balance between two processes, Cl -/NO 3 -exchange and electron transfer between hydrogen, polypyrrole, platinum and nitrate, may be modified depending on the presence of the platinum catalyst and the tin promoter. 
Conclusions
Pt and Pt:Sn catalysts supported on polypyrrole have been prepared using environmentally-friendly argon plasma treatment, which produced a partial reduction of platinum ions, anchored as a platinum chloro-complex to the polypyrrole chain, into metallic 10 platinum, but it did not reduce ionic tin to its metallic state. Furthermore, this treatment activated the polypyrrole surface and subsequent exposure to air produced C=O moieties. An indirect process involving the water molecules within the polymer network led to the creation of C=O and RO-C=O moieties under 15 plasma treatment. The polymeric support suffered ion exchange of Cl -counter ions by NO 3 -from reaction solution, and also participated in the redox process of nitrate reduction. Supported metals catalyze this process, so kinetics of the reduction reaction of nitrates anchored 20 to polypyrrol is increased.
All the prepared catalysts were effective in the reduction of aqueous nitrate with H 2 at room temperature, and nitrate concentrations in water below the maximum acceptable level of 50 mg·L -1 were achieved with all catalysts. However, considering 25 not only the efficiency in nitrate reduction, but also minimized concentrations of the undesired intermediate (nitrite) and byproduct (ammonium), the monometallic Pt catalyst seems to be the most promising one. A balance between two processes, Cl -/NO 3 -exchange and 30 electron transfer between polypyrrole, platinum and nitrate, can be modified depending on the presence of the platinum catalyst and the tin promoter.
